Open Life Sci. 2016; 11: 524-532 while infections with E. granulosus s.s. which are highly infectious for humans are more commonly encountered in Romania and Hungary.
Material and Methods
Echinococcus isolates examined in this study were derived from 18 pigs and seven humans originating from countries of central-eastern Europe, i.e. Slovakia, Ukraine, Romania, Hungary and Poland (Table 1, Figure 1 ). Pig hydatid cysts were collected at abattoirs during routine meat inspections and stored at -20°C before transfer to the laboratories of cooperating institutes in the above countries. Human hydatid cysts collected at surgery in Slovakia, Romania and Poland were isolated from livers, hydatid cysts from Hungarian patient were recovered from the liver and lung. Cyst contents were examined under light microscopy for the presence of protoscoleces, which were thereafter rinsed several times in phosphate buffered of the global burden of CE infections, predominantly circulates in Romania and the southern steppe zone of Ukraine associated with sheep-raising regions; whereas E. canadensis G7, which prevails in the three remaining countries, is of minor importance for human health due to low infectivity for humans [8, 9] . Particularly in Bulgaria and Romania, socio-economic changes in the 1990s accompanied by a breakdown of veterinary control efforts and administrative irregularities led to a re-emergence of CE [10, 11] .
To extend knowledge of the genotype spectrum responsible for CE with fragmentary data available for central-eastern Europe, the study was conducted to evaluate the genetic variation of Echinococcus granulosus in pigs and humans from five neighbouring countries of the region. Biosciences, UK) and analysed with an ABI PRISM 377 automated sequencer (Applied Biosystems, USA). Nucleotide sequences were aligned using ClustalX2 [15] and compared to those stored in GenBank using BLAST program. The branching pattern was generated by MEGA 6 software [16] using the neighbor-joining (N-J) method. The evolutionary distances were computed using the TamuraNei method [17] , following the run with Modeltest to infer the best evolutionary model. The same model was used for all gene regions investigated, and the concatenated analysis was performed using all genetic markers. Bootstrap analyses were conducted by using 1000 replicates. Reference DNA sequences were taken from a study of Nakao et al. [18] who first screened the complete mitochondrial genome for Echinococcus species and genotypes. DNA sequences of these isolates under this study were deposited into the GenBank database: ROM1 isolate in cox1 gene (Accession No. JF520817); ROM2 isolate in cox1 gene (JF520818); HUN1 isolate in cox1 gene (JF690976); ROM1 isolate in atp6 gene (JF708944); ROM2 isolate in atp6 gene (JF708943); HUN1 isolate in atp6 gene (JF690977). Obtained sequences were analyzed for haplotype inference and genetic variation using DNAsp [19] . saline (PBS; pH 7.4) and fixed in 70% ethanol for further analyses.
Total genomic DNA was extracted from fertile hydatid cysts using a DNeasy tissue kit (Qiagen, Hilden, Germany) following the animal tissue isolation protocol. Fragments of three mitochondrial genes were targeted for PCR amplifications, namely cytochrome c oxidase 1 (cox1, 789 bp), ATP synthase subunit 6 (atp6, 513 bp), and NADH dehydrogenase 1 (nad1, 471 bp). DNA was amplified using specific primers: 5´-TTGAATTTGCCACGTTTGAATGC-3´/5´-GAACCTAACGACATAACATAATGA-3´ for cox1 [12] , 5´-GCATCAATTTGAAGAGTTGGGGATAAC-3´/5´-CCAAATAATCTATCAACTACACAACAC-3´ for atp6 [13] , and 5´-AGATTCGTAAGGGGCCTAATA-3´/5´-ACCACTAACTAATTCACTTTC-3´ for nad1 [14] . PCR reactions were performed using following cycling conditions: initial denaturation step 94°C for 5 min followed by 35 cycles, 94°C for 30 s, 55°C for 30 s, and 72°C for 1 min. Amplified products were visualized after electrophoresis on 1.5% (w/v) agarose gels and purified using a Nucleospin Extract II kit (Macherey Nagel, Düren, Germany). Amplicons were directly sequenced using a dye terminator cycle sequencing kit (DYEnamic ET terminator; Amersham of 19 isolates from Slovakia, one from north-western Ukraine (UKR3) and one from Poland, and exhibited one different nucleotide site (position 273) compared to the G7 reference sequence (GenBank Accession No. AB235847). The additional G7B line manifested two transition mutations and was detected in three samples, two (UKR-1 and UKR-2) of which originated from the same location in north-eastern Ukraine (Sumy region). The third isolate (SK-5) bearing these two nucleotide exchanges originated from eastern Slovakia (Veľký Horeš location in Trebišov district). This Slovak
Results
Of the 25 isolates from central-eastern Europe, 22 from Slovakia, Poland and Ukraine were indentified as E. canadensis G7. The three isolates from Romania and Hungary were typed as E. granulosus s.s. G1. In total, twelve haplotypes were identified in the three analyzed gene portions.
In screening cox1 fragment (789 bp), two lines of E. canadensis G7 were detected, differing in nucleotide sites 72 and 96 ( Table 2 ). The major G7 line was composed 
Point mutations are indicated by bold letters, dots indicate sites where sequences are not depicted with respect to reference bases due to different resulting genotypes (G1 or G7). 
Point mutations are indicated by bold letters.
haplotypes were detected in five Slovak samples (Table  3) . Specifically, polymorphic site 238 associated with G/T substitution was recorded in SK5 isolate obtained from eastern Slovakia (Trebišov district), and in two isolates from western Slovakia. These two isolates, SK13 (origin of Okánikovo, Komárno district) and SK15 (Okoč, Dunajská Streda district) were obtained from pig farms located 17 km apart. In addition, the SK6 isolate from eastern Slovakia (Košice district) and the SK11 isolate from central Slovakia (Lučenec district) had single nucleotide substitutions at 65T/C and 261A/G. These isolates had been provisionally designated as bearing G7B and G7C variants for the atp6 gene. Sequences of human isolates from Romania and Hungary were homologous to G1 reference structure for atp6 (GenBank Accession No. AB031283).
In the nad1 gene all samples had a 100% identity with the globally distributed haplotype with reference sequence defined by Nakao et al. [18] .
The resulting N-J dendrogram derived from concatenated sequences of cox1, atp6 and nad1 is presented in Fig. 2 . For samples with G7 genotype three different sample also possessed a third, unique C/T mutation, at position 186.
All three isolates classified in this study as E. granulosus s.s. G1 were derived from humans and mutually displayed three slightly different cox1 haplotypes (Table 2) . Of these, one isolate from north-eastern Romania (ROM1) displayed sequences fully corresponding to the ref. G1 structure (Accession No. AB033407). A second isolate from Romania (ROM2) exhibited three transition mutations at positions 460, 486, and 677. This sequence type (denoted as G1B variant) was not previously recorded in Genbank. The HUN-1 human isolate from south-eastern Hungary (Békés county) displayed 476C/T substitution and was herein denoted as G1A following designations in the Echinococcus study by Šnábel et al. [20] , in which the same pattern was recorded in four human and sheep isolates from Turkey.
In partial sequences of atp6 gene (513 bp), the most frequently detected haplotype for samples determined as E. canadensis were matched with G7 ref. sequences (17 isolates). In the remaining G7 isolates, three different both in humans and animals [11] . Amongst domestic animals, sheep and cattle were primarily infected with E. granulosus s.s. [21, 25, 27, 29] . In addition, a single cattle isolate (2.3% of cattle isolates in the respective study) was typed as E. canadensis G7 [21] . Unlike this, in pigs solely G7 genotype was documented [25] and both E. granulosus s.s. and E. canadensis in similar proportions were identified in wild boars (15 specimens with E. granulosus s.s. and 15 specimens with E. canadensis G7) [21, 30] . Iasi and Vaslui counties are located in the easternmost part of Romania, bordering the Republic of Moldova to the west, where hyperendemic focus of Echinococcus granulosus with high prevalences of sheep (82.5%) and cattle (78.9%) was recently described [31] . Consistently with the present diagnosis of E. granulosus s.s. in the two Romanian patients, solely this species was detected in 33 sheep and 15 cattle specimens from the Moldavian region in the above report.
In the current study, E. granulosus s.s. was detected in liver and lung cysts of a 13-year-old male patient from Hungary (Szeghalom town in Békés county). In Békés county, the natural vegetation has been originally derived from the forest-grove steppe, with significant amount of livestock farming being present (sheep, cattle, pigs, etc.) that facilitates Echinococcus transmission to humans [32] . Greater probablility of E. granulosus s.s. detection compared to G7 was enhanced by the proximity of Békés county (south-eastern Hungary) to Romania where there is a significant predominance of E. granulosus G1-G3 complex. Previously, E. canadensis was found in an Hungarian immigrant that was being treated in an Austrian hospital [26] . Among domestic ungulates, Casulli et al. [21] documented in Hungary 21 cattle specimens as E. granulosus s.s., whereas in pig E. canadensis G7 prevailed (ten of 12 specimes G7, two of 12 specimens E. granulosus s.s.). In sheep, one isolate of E. granulosus s.s. and one isolate of E. canadensis G7 were documented in the above study.
The G1A microvariant of E. granulosus s.s., identified in the Hungarian patient, has C/T non-synonymous substitution responsible for replacement of the alanine with valine at position 476 in the 789-bp cox1 fragment. This sequence type is the most commonly recorded G1 variant in southern Palearctic and it was previously recorded in China (Qinghai province) in sheep [33] , in Russia (Altai region) in human [34] , in Mongolia in human (GenBank Accession No. AB787538, unpublished), in Turkey in sheep, cattle and human [20, 35] , in Iran in sheep, human, camel and goat [36] and GenBank Accession No. KP751431 (unpublished), in Jordan in sheep [36] , and in Tunisia in cattle, sheep and donkey [37] . The haplotypes were identified in cox1 and four haplotypes in atp6. For G1 samples, three haplotypes were detected in cox1 and one shared haplotype in atp6. The average nucleotide diversity (π) at individual sites was 0.0327. Two clusters in G7 samples were obtained in the resulting tree, with minor group consisting of two isolates from eastern Ukraine and the eastern Slovak isolate SK5. The latter isolate was the most distinguished sample in a G7 sample set as it possessed nucleotide substitutions relative to the most common type in both polymorphic genes cox1 and atp6. Both human samples from Slovakia had sequences corresponding to G7 sequence unlike human samples from Hungary and Romania that displayed G1 sequence pattern.
Discussion
The results obtained in this study support the circumstantial evidence that E. canadensis G7 is highly prevalent (or exclusive) in Poland, Slovakia and the foreststeppe zone of Ukraine, while E. granulosus s.s. is the primary causative agent for CE in Romania. In Hungary, the first case of human CE infection with the highly infectious E. granulosus s.s. was genetically confirmed, coupled to previous findings of the species encountered in domestic ungulates [21] .
The highest number of isolates (18) was examined from various regions of Slovakia. In all 16 pig isolates and 2 human isolates, G7 genotype of E. canadensis was detected. Five of the 18 Slovak isolates displayed 1-2 polymorphic sites compared to most common variant circulating in the region, and have been provisionally designated as G7A-C microvariants. Consistently with this study, only E. canadensis G7 was documented in Slovak sheep, cattle and humans in previous reports [22] [23] [24] .
The two Romanian patients originated from Iasi and Vaslui counties in eastern Romania and were farmers, 39-and 62-year-old, respectively. The finding of E. granulosus s.s. in these patients is in agreement with previous studies which provided evidence of almost all human CE records in Romania infected with this species [25] [26] [27] . However, in a survey by Piccoli et al. [28] a single human case of E. canadensis G7 was reported, apart from 59 cases of E. granulosus s.s. in patients from south-eastern Romania. The authors stated that the main risk factor for acquiring CE infection seemed to be the close contact with stray dogs reported for 97% of patients. Over the last decades, the free movement of stray dogs has been an increasing public health problem in Romania that might contribute to maintaining the high prevalence of human CE infections corroborated in sheep from Podhale region in southern Poland [47] .
Further studies are needed to more precisely elucidate the geographic distribution of E. granulosus s.s., especially in samples from the southern steppe zones of Ukraine from which genetic data are absent. In addition, evaluation of isolates from a wider spectrum of domestic and sylvatic intermediate hosts are required to obtain a more precise overview of the transmission cycles in E. granulosus s.l. in endemic foci of central-eastern Europe.
476C/T mutation compared to the reference G1 structure corresponds to the frequently found the 35C/T mutation in a shorter, 366-bp fragment of the cox1, most commonly analyzed for Echinoccoccus typing with primers defined by Bowles et al. [38] . On the other hand, in South America which has a common perpetuation of E. granulosus G1, this sequence pattern has been so far only found in sheep from Brazil [39] , and in cattle from Argentina [40] .
In Ukraine, the prevalence of E. granulosus s.l. varies substantially in different geographical zones. The highest occurrence in humans has been documented in the southern steppe zones associated with sheepraising regions (89.4% of cases), whereas only 10.6% of cases were found in forest-steppe zones with 11% of pigs being infected and low infection rates in sheep [8] . Three isolates (two from pigs and one from human) examined in the current study originated from the latter forest-steppe zone. As presumed, E. canadensis G7 was genetically confirmed to circulate in this territory in examined samples. The human isolate was recovered from 21-yearold woman from Volyn oblast in north-western Ukraine and pig isolates were recovered from Sumy oblast in northeastern Ukraine. Interestingly, both pig isolates differed in two nucleotides from the common G7 genotype, and the same base exchanges were identified in one of the Slovak isolates from the eastern part of the country. Thus, this G7 microvariant (G7A) was detected in 13.6% (3 of 22) of the G7 isolates from the two distant sites and therefore is likely more commonly distributed in central-eastern Europe. In previous studies with Ukrainian isolates, E. canadensis G7 was detected in two pigs and in one wild boar from the Lebedyn district of Sumy oblast, the same region where our isolates originated [42, 43] .
Human Echinococcus protoscoleces from southeastern part Poland were examined in our study and were found to have homologous sequences to E. canadensis G7. Previously, this genotype has been documented in Poland in 38 pigs and five humans [42] . G7 was also found in a European beaver from north-eastern Poland [43] . In surveys focused on humans infected with CE, Pawlowski and Stefaniak [44] reported 16 human cases with G7, as was reported also by Dybicz et al. [45] for 30 patients from central Poland. This was followed by another report of Dybicz et al. [46] , documenting seven cases of G7-infected patients and two cases of G1-infected patients. Nevertheless, the authors stated that patients may have acquired infections with E. granulosus s.s. G1 outside Poland (Kazakhstan and Turkey, respectively), and thus they cannot be unambiguously regarded as indigenous. However, the first unequivocal presence of E. granulosus s.s. has been recently genetically
